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(57) A transmisskm power control scheme for a 
mobile communication system for sifipressinp the trans- 
mission power to an absolutely necessary minimum 
level, and increasing the sut>scriber capacity by reducing 
an amount of interference. In this scheme, at a time of 
controlling a transmission power of each radio channel 
at one of the base station (3a) and the mobile station 
(1a,1b) so as to make a difference between a target CIR 
and a reception CIR of each radfo channel at another 



one of the base station (3b) and the fnctk\e station 
smaller (1a.1b). the target CIR for all radio channels at 
that another one of the base station and the mobile sta> 
tion are set independentiy. and/or the target CIR for each 
radio channel is changed at that another one of the base 
station and tiie mobile station, according to a channel 
quality of each radio channel at either one of the base 
station and the motMie station. 
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• • 1 EPO 

Description 

BACKGROUND OF THE INVEtsmON 

FtM of the InvCTtfon 

The present invention relates to a transmission 
power control scheme tor a racfio comnuinication used 
in a mobile communication system. 

DescriptiQn of the Background Art 

In a radio communication, a transmission power is 
usually controlled in order to suppress the transmission 
power. By means of this transmission power control, It is 
possible to realize advantageous effects such as a sav< 
ing of a power oonsunrption and a reduction of an Inter- 
ference to the other radio channels. In particular, such a 
transmission power control ^ incfispensable in the CDMA 
(Code Division Multiple Access) scheme, as a reduction 
of an amount of interference with the other radio chan- 
nels can directly lead to an increase of a subscriber 
capacity in the CDMA scheme. 

Conventionally, tfiere has been a proposition for a 
transmission power control in the CDMA scheme in 
which a transmission power of a mobile station is oon- 
trolled such tfiat a reception CIR (Camer to Interference 
Ratio) at a base station becomes equal to a target CIR. 
while a transmission power of a base station is controlled 
such tfiat a reception CIR at a mobile station becomes 
equal to a target CIR. 

Rg. 1 shows an exemplary mobile communication 
system having a mobile station 101 and a base station 
103, in wfiich a conventional mobile station transmission 
power control scheme as indicated In Rg. 2 is carried 
out Inthisconventional scheme, when the reception CIR 
at the base station 103 becomes lower than the target 
CIR. the base station 103 sends a transmission power 
control signal with a value '1" to the mobile station 101 
in order to raise the transmission power at the mobile 
station 101. When ttiis transmission power control signal 
witii a value "1" is received, the mobile station 101 raises 
Hs transmission power for a prescrik>ed amount such as 
1 dB for exarrple. On the contrary, when the reception 
CI R at the base station 1 03 becomes higher than the tar- 
get CIR. the base station 103 sends the transmission 
power control signal with a value "0" to the mobSe station 
101 in order to lower the transmission power at the 
mobile station 101. When this transmission power con- 
trol signal with a value "0" is received, the mot>ile station 
101 lowers its transmission power for a prescribed 
amount such as 1 dB for exarrple. 

In practice, even when the transmission power is 
controlled to make the reception CIR equal to tt)e target 
CIR, due to ttie measurement error or ttie control delay, 
it is generally irrpossible to make the reception CIR com- 
pletely equal to the target CIR, and the reception CIR 
varies in time, so that ttiere is a control error. 
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Here, an amount of variation of the reception CIR 
depends on a fading pitch and a number of reception 
patfis. In the radk> transmission, a plurality of delay 
waves at mutually cfifferent timings are generated via dif- 

5 ferent paths. In the CDMA scheme, a wide bandwidtti 
transmission using spread codes is carried out so that 
it is possible to receive the aforementioned plurality of 
delay waves separately, and the reception cfiaracteristic 
can k>e improved by composing these separately 

10 received delay waves together. In general, a number of 
patiis is greater for an area with more reflection objects 
such as an urban area. 

Namely, when the fading pitch is smaD, the transmis- 
sion power control canrx>t keep up wrtii the fading varia- 

15 tion due to the control delay, arvJ an amount of variation 
of the CIR becomes large. On the contrary, when the lad- 
ing pitch is large, the trarsmission power control can 
keep up with ttie fading variation, so tfiat an amount of 
variation of the CI R t>ecomes smal I. Also, when a nurrt>er 

20 of reception patfis is greater, it is possible to make an 
influence of the fading variation smaller by means of the 
patii oorrposition. so that an amount of variation of the 
CIR becomes smaller. 

Now. in the conventional transmission power control 

25 scheme as described above, the target CI R is set to be 
a fixed value as shewn in Rg. 3, witii a sufficient margin 
above the required CIR such that the required commu- 
nication quafrty can be satisfied even in a case of the larg- 
est \fanaton of the reception CIR such as a case in which 

30 the mobile station is moving fast and ttiere are only few 
paths avallabia 

However, wHh this fixed setting of the target CIR, 
there is going to be a more than necessary amount of 
margin in a case an amount of variation of the reception 

35 CIR is small, so that the transmission power of the mobile 
station and the base station becomes higher than wfiat 
is really necessary in such a case. Consequentty. ttie 
conventional transmission power control involves the 
wasteful oonsurrption of the transmission power and ttie 

40 unnecessary inaease of the amount of interference with 
the other channels whk;h in turn causes the unnecessary 
towering of the sutiscriber capacity. 

Moreover, according to the conventional tremsmis- 
sion power control scheme as described above, it is nec- 

45 essary to set up the fixed target CIR by measuring or 
estimating an amount of variation of the reception CIR 
in advance at a time of system designing, which requires 
an extra amount of wori® at a time of system designing. 

so SUMMARY OF THE INVENTION 

It is therefore an ot)ject of the present Invention to 
provide a transmission power control scheme for a 
motxie communication system, capable of redudng the 
55 transmission power at the mobile station and the base 
station compared with a conventional scheme by sup- 
pressing the transmission power to an at>solutely neces- 
sary minimum level, and inaeasing ttie subsait)er 
capacity by reducing an amount of interference. 
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It is another object of the present invention to provide 
a transmission power control scheme for a mobile com- 
munication system, capable of simplifying a system 
designing. 

According to one aspect of the present invention s 
there is provided a method of transmission power control 
in a mobile communication system including a mobOe 
station and a base station, the method comprising the 
steps of: controlfing a transmission power of each rado 
channel at one of the base station and the nx)bile station 10 
so as to make acTrfference t>etween a reception CIR (Car- 
rier to Interference Ratio) and a target CIR of each racfio 
channel at anottier one of the base station and the mobO e 
station smaller: and changing the target CIR for each 
radio diannel at said another one of the base station and is 
the mobile station, according to a channel quality off each 
radio channel at either one of the base station and the 
mobije station. 

,-^Accordlng to another aspect of the present invention 
there is provided a metfiod of transmission power control 20 
in a nrK3bile communication system including a mobile 
station and a t)ase station, the method comprising the 
steps of: controlling a transmission power of each racfio 
channel at one of the base station and the vnctXie station 
so as to make a difference between a reception CI R (Car- zs 
rier to Interference Ratio) and a target CIR of each racfio 
channel at anottier one of the base station and the mobQe 
station smaller; and setting the target CIR for all racfio 
channels at said anottier one of the base station and the 
mobile station independently, according to a channel 30 
quality of each racfio channel at either onedf the base 
station and ttie nwbQe station. 

According to anottier aspect of the present invention 
there is provided a base station communicating witti a 
mobile station in a mot>tle communication system, com- as 
prising: means for controlling a transmission power of 
each radk> channel at the mobile station so as to make 
a difference between a reception CIR (Carrier to Inter- 
ference Ratio) and a target CIR of each radio channel at 
the t>ase station smaller; and means for changing the tar- 40 
get CIR for each radio channel, according to a channel 
(quality of each radio channel at either one of the base 
station arxi the mobile station. 

Accading to anottier aspect of the present invention 
there is provided a mobile station communicating with a 45 
base station in a mot)ile communication system, com- 
prising: means for controlling a transmission power of 
each racfio channel at the base station so as to make a 
difference between a reception CIR (Camer to Interfer- 
ence Ratio) and a target CIR of each racfio channel at so 
the mobile station smaller; and means tor changing the 
target CIR for each radio channel, according to achannel 
quality of each racfio channel at either one of the base 
station and tfie mobile station. 

According to anottier aspect of the present invention ss 
there is provided a base station in communication with a 
mobile station in a mobile communication system, com- 
prising: means for controlling a transmission power of 
each radk) channel at the mobile station so as to make 



a (fifference t>etween a reception CIR (Carrier to Inter- 
ference Ratio) and a target CIR of each racfio channel at 
the base station smaller; and setting the target CIR for 
all radio channels at the base station independentiy, 
according to a channel quality of each racfio channel at 
either one of the base station and the mobile station. 

According to another aspect df ttie present invention 
ttiere is provided a mob'le station in communication with 
a base station in a mobile communication system, com- 
prising: means for oontrdGng a tFansmissk>n power of 
each radio channel at the base station so as to make a 
(fifference between a reception CIR (Cam'er to Interfer- 
ence Ratio) and a target CIR of each radio channel at 
the mobile station smaller; and setting the target CIR for 
all racfio channels at the mobile station independentiy, 
according to a channel quality of each racfio channel at 
either one of the k>ase station and the mobile stErtion. 

Ottier features and advantages of the present inven- 
tion will become apparent from the follGwing description 
taken in conjunction witti ttie accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic bkxk diagram of a wdbWe com- 
munication system using a conventional transmission 
power control scheme. 

Rg. 2 isatiming chartfor explaining the conventional 
transmissk>n power control scheme used in the mobile 
communication system of Rg. 1 . 

Rg. 3 Is a graph of reception CIR versus time for 
explaining the conventional transmission power control 
scheme of Rg. 2. 

Rg. 4 is a schematic bkx:k diagram of a mobile ccxn- 
munication system suitat)le for one errixxjiment of a 
transmission power control scheme according to ttie 
present invention. 

Rg. 5 is a btock diagram of a base station configu- 
ration in one emtxxiiment of a transmission power con- 
trol scheme according to the present invention. 

Rg. 6 is a tabUe of exemplary transmission power 
control data used in cxie embodiment of a tiransmission 
power control scheme according to the present inven- 
tion. 

Rg. 7 is a block diagram of a mobile station config- 
uration in one enixxfiment of a transmission power ccxi- 
trol scheme according to the present invention. 

Rgs. 8A and 8B are graphs off exemplary reception 
CIR cfistributions used in a first manner of changing tar- 
get CI R in one ennbodiment of a transmission power con- 
trol scheme according to the present invention. 

Rgs. 9A and 98 are graphs of exemplary reception 
CIR distributions resulting from a first manner of chang- 
ing target CIR in one embodiment of a transmission 
power control scheme according to the present inven- 
tion. 

Rg. 10 is a graph of reception CIR versus time for 
explaining one emtxxfiment of a transmissron power 
control scheme according to the present invention. 
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Fig. 11 is a block diagram of a base station configu- 
ration suitable for the first nnanner of changing target CIR 
in one errtxxfiment of a transmission power control 
scheme acoorcfing to the present invention. 

Fig. 12 is a block diagram of a mobfle station config- 
uration suitable for the first manner of changing target 
CIR in one embodiment of a transmission power control 
scheme acoorcfing to the present invention. 

Figs. 13A and 13B are graphs of reception CIR ver- 
sus time for explaining a second manner of changing tar- 
get CIR in one embodiment of a transmission power 
control scheme according to the present invention. 

Fig. 14 is a block diagram of a base station configu- 
ration suitable for the second manner of changing target 
CIR in one embodiment of a transmission power control 
scheme according to the present invention. 

Fig. ISisablockdiagramofamobile station config- 
uration siitablefor the second manner of changing target 
CIR in one embodiment of a transmission power control 
scheme according to the present invention. 

Fig. 16 is a graph showing relationships among a 
nurTt>er of reception paths, a fading pitch, and a recep- 
tion CIR en-or for explaining a third manner of changing 
target CIR in one embodiment of a transmission power 
control scheme according to the present invention. 

Fig. 1 7 is a block diagram of a base station conf igu- 
ratk>n surtat)le for the third manner of changing target 
CIR in one embodiment of a transirvssion power control 
scheme according to the present invention. 

Fig. 18 is a block diagram of a mobile station config- 
uration suitable for the third manner of changing target 
CIR in one embodiment of a transmissk>n power control 
scheme according to the present invention. 

Rg. 19 is a block diagram of a base station configu- 
ration suitable for the fourth manner of setting target CIR 
in one embodiment of a transmission power control 
scheme aooonfing to the present invention. 

Fig. 20 is a block diagram of a base station configu- 
ration suitable for the fifth manner of setting target CIR 
in one embodiment of a transmission power control 
scheme according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now. one embodiment of a transmission power con- 
trol scheme for a mobile communicatkxi system accord- 
ing to the present invention will be described in detail. 

In this emtxxliment. a mok>ile communication sys- 
tem has a schematic configuration as shewn in Rg. 4, 
which comprises first and second mobile stations 1 a and 
lb. and first, second and third base stations 3a, 3b. and 
3c which are connected through a communication net- 
work 5. 

In this mobile communication system of Rg. 4, the 
first mobile station la and the second mobile station lb 
are connected with the first base station 3a tfvough radio 
channels. Then, tiie transmission powers of the first and 
second mobile stations 1 a and 1 b and the first base sta- 



tion 3a are controlled according to tiie transmission 
power control scheme according to the present inven- 
tion. 

More specif icaily. the transmission power of the first 

5 mMe station la is controlled such that a cfifference 
between a reception CIRatthefirst base station 3a with 
respect to ttie first mobile station la (abbreviated here- 
after as BSClRIa) and a first base station target CIR 
(abbreviated hereafter as BSCIR1) t)ecomes smaller. 

10 whae the transmission power of the second mobile sta- 
tion lb is controlled such that a difference between a 
reception CI R at the first base station 3a with respect to 
the secorxJ mot)ile station lb (at^txeviated hereafter as 
BSCIR2a) and a second base station target CIR (abbre- 

15 viated hereafter as BSCl R2) becomes smaller. Also, ttie 
transmission power of the first t>ase station 3a is control- 
led such ttiat a difference between a reception CIR at the 
first mobile station 1 a with respect to the first base station 
3a (abbreviated hereafter as PSClRIa) and af irst mobile 

20 station target CIR (abbreviated hereafter as PSC1R1) 
becomes smaller, while a difference t>etween a reception 
CIR at the second mobile station lb witti respect to ttie 
first base station 3a (abbreviated hereafter as PSCIR2a) 
and a second mbWe station target CIR (abbreviated 

25 hereafter as PSCIR2) becomes smaller. 

In this embodiment, each base station 3 has a con- 
figuration as shown in Rg. 5 in a case of using the CDMA 
scheme. Here, Rg. 5 shows a general configuration of a 
base station 3 wtiich can deal with a plurality of mok>ile 

30 stations la, 1b^ etc.. but a section conresporxjing to one 
mobile station is substantially ttie same as another sec- 
tion corresponding to anottier mobile station, so tfiat Rg. 
5 only depicts sections corresporxJing to two mobile sta- 
tions, and only a section corresporxiing to one mobile 

35 station will be described in detail below. In the configu- 
ration of Fig. 5, an antenna 1 1 . a di4>lexer 13, a receiver 
1 5, and a transmitter 39 are commonly used by all radio 
channels. 

in the base station configuration of Rg. 5, the signals 

40 received through the antenna 1 1 , the duplexer 13, and 
the receiver ISaresenttoafirstreception correlator 17a. 
(The received signals are also similarly sent to a seoorxJ 
reception con'elator 17b, etc. at this point.) This first 
reception correlator 1 7a selectively outputs the received 

45 signals of a radio channel transmitted from ttie first 
mobile station 1 a, which are then demodulated by a first 
demodulator 1 9a. and an output of ttie first demodulator 
1 9a is supplied to af irst base station transmissk>n power 
control data reading unit 21a. At this first base station 

50 transmission power control data reading unit 21a. the 
t>ase station transmission power control data transmitted 
from ttie first mobile station la is read out from ttie 
received signals and supplied to a first arrplifier 37a. 
while data signals contained in the received signals are 

55 sent to ttie communication network 5. Here, ttie base sta- 
tion transmission power control data is assumed to k>e 
transmitted atong witti the data signals, but it is also pos- 
sible to transmit the base station transmission power 
control data and ttie data signals in separate channels. 
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As for the transmission signals, a mobile station 
transmission power oontrol data is attached to the data 
signals sent from the communication network 5 at a first 
mobile station transmission power control data attaching 
unit 31a, and an output of the first nrabile station trans- 5 
mission power control data attaching unit 31a is then 
modulated ksy a first modulator 33a, spread by a first 
transmission correlator 35a in correspondence to a radio 
channel to be received by the first mobile station la, and 
amplified by a first amplifier 37a according to the base w 
station transmission power control data supplied from 
the first base station transmission power oontrol data 
reading unit 21a. Then, an output of the first ampl^ier 
^ 37a is transmitted to the first mobile station la through 
^the transmitter 39, the diplexer 1 3, and the antenna 11. 15 
In this base station configuration of Fig. 5, the motMie 
station transmission power control is realized as follows. 

Rrst, a first CIR comparator 29a corrpares the 
BSCIRIa obtained from the first demodulator 19a with 
theBSClRI stored in a first base station target CIR mem- 20 
ory urnt 27a. and sends a mobile station transmission 
power control data aocoiding to a result of this compar- 
ison to the first mobile station transmission power control 
data attaching unit 31a, such that this mobile station 
transmission power oontrol data is attached to the trans- 2S 
mission data signals there. 

Here, the mobfle station transmission power oontrol 
data takes a value ranging from "0** to **8'' as shown in 
Rg. 6, for indicating the transmission power adjustment 
anfx>unts in a range of -2.0 dB to 42.0 dB at 0.5 dB steps, 30 
for exampla The mobile station transmission power con- 
trol data attached to the transmission data signals is set 
to have such a value tfiat the BSC1R1 a becomes as close 
to the BSCIR1 as possik)le. In this case, an amourrt of 
change of the transmission power nearly coincides with 35 
an amount of change of the reception CIR, so that when 
the BSCIRIa is lower than the BSCIR1 by 1.2 dB for 
instance, the mobile station transmission power control 
data is set to take a value "6** indicating -i-l .0 dB increase 
of the transmission power. As a result, the mobile station 40 
transmission power will be increased by +1.0 dB after 
this mobile station transmission power control, so that 
the BSCIRIa will also be increased t>y about +1 .0 dB to 
k)ecome cfose to the BSCIR1. 

. ^ On the other harxJ, a first BER measurement unit 45 
23a measures an average value of BER (Bit Error Rate), 
a first reception path number and fading pitch measure- 
ment unit 24a HfYeasures average values of a number of 
reception paths and a fading pitch, and a first receptfon 
CIR distribution measurement unit 25a measures a dis- so 
tribution of the BSCIRIa, from the output of the first 
demodulator 19a over a prescribed period of time, and 
according to these measurement results, the BSCIR1 
stored in the first base station target CIR memory unit 
27a is set and/or changed as will k>e descrbed in detail 55 
befow. 

. As for the transmissfon power of this base station 3, 
\ it is adjusted by changing an amplif foation rate at the first 
\ arrplifier 37a according to the base station transmission 



power control data read out by the first t>ase station trans- 
missfon power control data reading unit 21a. 

Also, in this emtxxf iment each mobile station 1 has 
a configuration as shown in Rg. 7 in a case of using the 
CDMA schema 

In the mobile station configuration of Rg. 7. the sig- 
nals received through an antenna 41 . a duplexer 43, and 
a receiver 45 are sent to a reception correlator 47. This 
reception correlator 47 selectively outputs the received 
signals of a radio channel transmitted to this nrx)bile sta- 
tion 1, whicharethendemodulatedbyademodulator 49. 
and an output of the demodulator 49 is supplied to a 
mobile station transm^sion power control data reading 
unit 51 . At tiiis mobile station transmission power confrol 
data reading unit 51. the mobile station transmission 
power control data transmitted from the base station is 
read out from the received signals and sif)plied to an 
amplifier 67, while data signals contained in the received 
signals are sent to a terminal device 71 . Here, the mobile 
station transmission power control data is assumed to 
be transmitted afong with ttie data signals, but rt'is also 
possible to transrrtit the mobile station transntission 
power control data and the data signals in separate 
channels. 

As for the transmission signals, a base station trans- 
missfon power control data is attached to the data signals 
sent from the terminal device 71 at a b^e station trans- 
missfon power control data attaching unit 61 . and an out- 
put of the t>ase station transmission power control data 
attaching unit 61 is then modulated by a modulator 63, 
spread a transmission correlator 65 in correspond- 
ence to a radio channel to be transmitted from this motule 
station 1 , and amplified by an amplifier 67 according to 
the nrx3bile station transmissfon power control data sup- 
plied from the mobile station transmission power control 
data reading unit 51 . Then, an output of the amplifier 67 
is transmitted to the base station through the transmitter 
69. the duplexer 43. and the antenna 41 . 

In this mobile station configuration of Rg. 7, the base 
station transmissfon power control is realized as follows. 

Rrst, a CIR comparator 59 compares the reception 
CIR (such as PSCIRIa or PSCIR2a) obtained from the 
demodulator 49 with the mobile station target CIR (such 
as PSCIR1 or PSCIR2) stored in a mobile station target 
CIR memory unit 57, and serfos a t>ase station transmis- 
sion power control data according to a result of this com- 
parison to the base station transmission power oontrol 
data attaching unit 61 , such that this base station trans- 
ntission power control data is attached to the transmis- 
sion data signals there. 

Here, the base station transmission power control 
data takes a value ranging from to "8" as shown in 
Rg. 6, for indfoating the transmission power adjustment 
amounts in a range of -2.0 dB to +2.0 dB at 0.5 dB steps, 
for example, similarly as the mobile station transmissfon 
power control data described abov& 

On the other hand, a BER measurement unit 53 
measures an average value of BER. a reception path 
number and fading pitch measurement unit 54 measures 
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average values of a number of reception patfis and a fad- 
ing pitch, and a reception CIR distribution measurement 
unit 55 measures a distrbution of the BSCI R1 a, from the 
output of the first demodulator 19a over a prescra>ed 
period of time, and according to tfiese measurement 
results, the mobile station target CIR (such as PSCIR1 
or PSCIR2) stored in the mobile station target CIR mem- 
ory unit 57 is set and/or changed as will be descrbed in 
detail below. 

As for the transmission power of this mobile station 
1 . it is adjusted kyy changing an anplification rate at the 
amplifier 67 according to the mobile station transmission 
power control data read out by the mobile station trans- 
mission power control data reading unit 51 . 

Now, various detailed manners of changing or set- 
ting the target CIR at the base station 3 of Fig. 5 or ttie 
mobile station 1 of Fig. 7 in this embodiment of a trans- 
mission power control scheme for a wobWe communica- 
tion system according to tiie present invention will t>e 
desait>ed in detail. 

First, a first manner of changing the target CIR 
according to ttie reception CIR variation state for each 
jad» channel will be descrit)ed. 

In this first manner, the target CIR for each radio 
channel is changed according to a distribution of the 
reception CIR wtuch is periodically measured by the 
reception CIR distribution measurement unit 25 or 55 for 
each radio channel. Here, a distrbution of the reception 
CIR is basically to be measured at botti of the mobile 
station 1 and the base station 3. but ttie distribution of 
the reception CIR measured at the mobile station 1 and 
the distribution of the reception CIR measured at the 
t>ase station 3 are correlated with each ottier, so that it 
is also possible to change the target CIR at ttie base sta- 
tion 3 according to the distribution of the reception CIR 
measured at ttie mobile station 1 , or to change the target 
CIR at ttie mobile station 1 according to ttie distribution 
of the reception CIR measured at the base station 3. 

More specifically, the target CIR at ttie mobile station 

1 is changed as follows. Rgs. 8A and 8B show exemplary 
probability distributions of the reception CIR at the 
mobile station 1 whenthetargetCIRatthemobilestation 
is set at 10 dB while the required CIR is 5 dB. Here, a 
period of time for obtaining ttiese distributions is set to 
be longer than a t^nsmission power control interval. For 
instance, when the transmission power control interval 
is equal to 1 msec., the reception CIR distribution is 
measured for 1 sec. 

As already mentioned above, when the mobile sta- 
tion 1 is moving fast or when a number of reception pattis 
at the nfX)bile station 1 is small, an en'or of ttie reception 
CIRfrom the target CIRbeoomes large so that the recep- 
tion CIR distribution is wide spread as shown in Fig. 8A. 
On the contrary, when the mobile station 1 is moving slow 
or when a number of reception pattis at ttie mobile station 
1 is large, an error of the reception CIR from ttie target 
CIR becomes small so that the reception CIR (fistrit)ution 
is narrow as shown in Rg. 88. 



In this first manner, such a distribution of ttie recep- 
tion CIR is measured periodically for each radto channel, 
and the target CIR for each rad'io cfiannel is cfianged 
such ttiat a probability for the reception CIR to be less 

5 than the required CIR t>ecomes less tfian or equal to 1% 
for example For ttie exemplary distributions of Fig& 8A 
and 8B. it is possOile to make the reception CIR greater 
than the required CIR of 5 dB for 99% of times by setting 
ttie target CIR at 9 dB in a case of Rg. 8A or at 6 dB in 

10 a case of of Rg. 8B. as indicated in Rgs. 9A and 9B. 
respectively. Thus, especially in a case of Rg. 8B, it is 
possible to lower the transmission power of the base sta- 
tion 3 with respect to the mobile station 1 considerably. 
The targ^ CIR at ttie base station 3 can t>e changed 

15 in substantially the same manner as descrbed above for 
the target CIR at the mobile station 1. 

Thus, in this first manner, the target CIR is made 
smaller when a distribution range of the reception CIR ^ 
smaller, as indicated in Rg. 10. such that the transmis- 

20 sion power can t>e suppressed to ttie at)solutely neces- 
sary minimum level while satisfying the required 
communication quality, and oonsequentiy an amount of 
interference given to the ottier radio cfiannels can be 
reduced and the subscrber capacity can be increased. 

25 In addition, the target CIR is set and changed auto- 
matically at each mobile station and each base station, 
so tfiat there is no need to set up ttie target CI R manually, 
and ttierefore the system designing can be simplified sig- 
nificantiy 

30 It is to be noted that when this first manner is 
adopted, the base station configuration of Rg. 5 can k>e 
simplified to that shown in Rg. 11 in which the BER 
measurement units 23 and the reception path number 
and facfing pitch measurement units 24 are omitted. 

35 while the mobile station configuration of Rg. 7 can be 
simplified to that shown in Rg. 12 in which the BER 
measurement unit 53 and the reception path number arxJ 
fading pitch measurement unit 54 are omitted. 

Next, a second manner of changing the target CIR 

40 according to the BER for each radio channel will be 
described. 

In ttiis second manner, the target CIR for each rad^K^ 
channel is changed according to ttie BER which is peri- 
ocfically measured t>y the BER measurement unit 23 or 

45 53 for each radio channel. Here, the BER is basically to 
be measured at both of the mobile station 1 and the base 
station 3. but the BER measured at ttie mobile station 1 
and the BER measured at the base station 3 are conre- 
lated witti each ottier, so ttiat it is also possible to change 

50 thetargetCIRatttiebasestation3accordingtotheBER i 
measured at the nrK)bile station 1 . or to change the target / 
CIR at the mobile station 1 according to ttie BER meas- ( 
ured at the base station 3. \y 
More specifically, ttie target ClRatthe mobile station 

55 1 is changed according to ttie BER measured at the 
mot>ile station 1 as follows. Here, a simple case will be 
described for ttie sake of explanation. Rrst. at the mobile 
station 1 . the BER is measured for a period of time longer 
ttian ttie transmission power control interval. For 
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instance, when the transmission power control interval 
is equal to 1 msec., the reception CIR distrbution is 
measured for 1 sec., just as in the first manner descrbed 
atx]v& Here, the measurement of the BE R is made by 
utiGzing a bit sequence portion in a fixed pattern fbr syn- 
chronization, for exampla Then, when the measurement 
result is larger than a prescribed required BER such as 
10"3 the target CIR at the mobile station 1 is raised for 
0.5 dB. whereas when the measurement result is smaller 
than the preserved required BER. the target CIR at the 
mobile statfon 1 is lowered for 0.5 dB. By repeating this 
operation, the reception BER converges to a victnity of 
the required BER. 

In this secoTKl manner, when the mobile station 1 is 
moving fast or when a number of reception patfis at the 
mobile station 1 is small such that an erra of the recep- 
tion CIR from the target CIR is large, the target CIR 
becomes larger as indicated in Rg. 13A. whereas when 
the mobile station 1 is moving slow or when a number of 
receptton paths at the mobile station 1 is large such that 
an error of the reception CIRfrom the target CIR is small 
the target CIR fc>eoomes smaller as indicated in Rg. 1 3B, 
so that in either case the reception BER takes a value 
dose to the required BER. Consequently, in this second 
manner, regardless of a size of an enror of the reception 
CIR from the target CIR. it is poss33le for all the mobile 
stations 1 to have a uniform reception BER. i.e., a uni- 
form communication quality, whfle reducing thetransmis- 
sion power. 

The target CI R at the base station 3 can be changed 
in substantially the same manner as descrit>ed above for 
the target CIR at the mobile statfon 1 . 

Thus, in this second manner, the transmission power 
can be suppressed to the at>soluteIy necessary mini- 
mum level while satisfying the required communication 
quality, and consequently an amount of interference 
given to the other radfo channels can be reduced and 
the subscriber capacity can t>e increased, just as in the 
first manner descrbed above. 

In addition, in this second manner, the target CIR is 
going to be changed according to the feedback of the 
communication quality, i.e.. the BER. so that H is possble 
to maintain the communication quality, i.e.. the BER. at 
a constant level more accurately 

It is to be noted that, when this second manner is 
adopted, the base station configuration of Rg. 5 can be 
simplified to that shown in Rg. 1 4 in which the reception 
path number and fading pitch measurement units 24 and 
the reception CIR cfistrikxition measurement unit 25 are 
omitted, while the mobile station configuration of Rg. 7 
can be simplified to that shown in Rg. 15 in which the 
reception path number and facfing pitch measurement 
unit 54 and the reception CIR distribution measurement 
unit 55 are omitted. 

Next a third manner of changing the target CIR of 
the mobile station 1 or the base station 3 according to 
the number of reception paths and the foding pitch wfll 
be described. 



In this third manner, the number of reception pattis 
and the fading pitch have exemplary relationsfvps with 
tine reception CIR error as indicated in Rg. 16. fslamely, 
as sfiown in Rg. 16, ttie enor of the reception CIR from 

5 the target CIR becomes largerfbr the smaller fading pitch 
and for fewer reception pattis. These relationships can 
be uniquely determined when the system parameters 
such as ttie transmissfon power control interval, etc. are 
determined. Therefore, a cfistribution of the reception 

10 CIR for each radio channel can be estimated from the 
periodical measurement results of the number of recep- 
tion paths and the fading pitch for each radfo channel. 

Consequentiy, by changing the target CIR for each 
radfo channel according to this estimated distrfoution of 

IS the reception CIR for each radfo cfiannel in sutistantially 
the same manner as in the first manner described atxsve, 
it is also possible in this tfiird manner to realize the reduc- 
tion of the transmission power and the increase of the 
8ut}scrfoer capacity just as in the first manner descrik)ed 

20 above. 

Thus, in tNs third manner, the transmission power 
can be suppressed to the ak)solutely necessary mini- 
mum level while satisfying the required communication 
quality, and consequentiy an anK)unt of interference 

25 given to the other racfio channels can fc>e reduced and 
the sut>scrik>er capacity can be increased, just as in the 
first manner described above. 

In addition, in this third manner, the measurement of 
the numt>er of reception paths and the fading pitch can 

30 be made in a relatively short period of time, so that it is 
possible to realize a highly responsive transmissfon 
power control. 

It is to be noted that, when ttiis third manner is 
adopted, the base station configuration of Rg. 5 can be 

35 simplified to that shown in Rg. 17 in which the BER 
measurement unit 23 and the reception CIR disb-ilxjtion 
measurement unit 25 are omitted, while ttie mobile sta- 
tion configuration of Rg. 7 can be simplified to that shown 
in Fig. 18 in which the BER measurement unit 53 and 

40 the reception CIR distrikxrtion measurement unit 55 are 
omitted. 

Next, a fourth manner of setting ttie target CIR of 
each base station 3 by learning or predicting the recep- 
tion CIR distribution characteristic for each base station 

45 3 will be described. 

In this fourth manner, the base station target CIR 
memory unit 27 incorporates learning/j^redicting means 
in a form of software orf irmware for learning or predicting 
the reception CIR distrikxjtion characteristic. Here, the 

50 elements such as CPU wNch are necessary in carrying 
out this learning or predicting may be provided integrally 
within the base station target CIR memory unit 27 or sep- 
arately outside ttie base station target CIR memory unit 
27. 

55 More specifically, the target CI R at each base station 
3 is set as follows. Rrst. the reception CIR distritxjtion 
characteristic for each radio cfiannel is measured or esti- 
mated in sut)stantially the same manner as in ttie first 
manner or the ttiird manner described atx)ve. and all the 



7 



13 



EP0709973A1 



14 



measurement results obtained at each base station 3 are 
accumulated and averaged to obtain an average recep- 
tion CIR {fistrOxition characteristic, which is then stored 
as the learning result. Here, in the sirea such as an mban 
area where the mobile station 1 is moving relatively slow 5 
and a nunt)er of reception pattis is large, there is a high 
probability for an error of the reception CIR from the tar- 
get CIR to be small, where^ In the area such as a suburb 
area where the mobile station 1 is moving relatively fast 
and a number of reception paths is small, there is a Ivgh 10 
probability for an error of the reception CIR from the tar- 
get CIRtobelarga 

Then, according to the obtained learning result the 
target CIR is set such that a probat>ility for the reception 
CIR to t>e less than the required CIR becomes less than is 
or equal to 1% for example, similarly as in the first man- 
ner described atxyve. In this manner, it Is also possit)le 
in this fourth manner to realize ttie reduction of the trans- 
mission power and the increase of the sut»cr3)er capac- 
ity similarly as in the first manner described above. 20 

This fourth manner for setting the target CIR drffer- 
entiy for each base station 3 cannot account for the dif- 
ference of the mobile stations, but it is quite effective in 
a case of determining the initial value of the target CIR. 

Also, this fourth manner itself is less effective in 2s 
the reduction of the transmission power and ttie increase 
of the sut)6criber capacity compared witti a case of 
changing the target CIR for each radio channel as in the 
first to third manners descrbed above, txjt instead, this 
fburth manner requires less control load. 30 

On the other hand, in a case of predicting the recep- 
tion CIRdistribution characteristic, the target CIR at each 
base station 3 is set as follows. Rrst. the average recep- 
tion CIR distribution characteristic is predicted by pre- 
dicting an average nunt>er of reception paths, an 3s 
average moving speed, etc. according to data on build- 
ings within the service area. Here, the known method for 
predicting tiie delay spread using data on a number and 
positions of the buildings can be utilized in predicting the 
delay spread characteristic and the number of reception 40 
paths at each base station 3. The predicted average 
reception CIR distritxition characteristic is then stored as 
the prediction result 

Then, according to the ot>tained prediction result 
the target CI R is set such ttiat a prot^ability for the recep- 45 
tion CIR to be less than tt)e required CIR becomes less 
than or equal to 1% for exairpie. similariy as in the first 
manner described abova In this manner, it is also pos- 
sble in this case to realize the reduction of the transmis- 
sion power and the increase of tfie subsaiber capacity so 
similariy as in the first manner described above. 

Moreover, in this case, the base station configuration 
of Rg. 5 can be simplified to that shown in Rg. 1 9 in which 
the BER measurement units 23. ttie reception path 
number and fading pitch measurement units 24. and the ss 
reception CI R distritxjtion measurement unit 25 are omit- 
ted, so that an amount of controls rec^ired in the k>ase 
station 3 can also t>e reduced. 



Next a fifth manner of setting the target CI R of each 
vmMe station 1 by learning the reception CIR distribu- 
tion characteristic for each mobile station 1 win be 
descrit>ed. 

In this fiftii manner, tiie mobile station target CIR 
memory unit 57 incorporates learning means in a form 
of software or firmware for learning the reception CIR dis- 
trS}ution characteristic. Here, the elements such as CPU 
which are necessary in carrying out this learning may t>e 
provided integrally within the base station target CIR 
memory unit 57 or separately outside ttie l^ase station 
target CIR memory unit 57. 

More specifically, the target CIR at each mobile sta- 
tion 1 is set as follows. First, the reception CIR distribu- 
tion characteristic for each radio channel is measured or 
estimated in substantially the same manner as in the first 
manner or the third manner descrit)ed above, and all the 
measurement results obtained at each mobile station 1 
are accumulated and averaged to ot>tain an average 
reception CIR distribution characteristic which is then 
stored asthe learning result Here, the leaning result may 
be separately stored in each mobile station 1, or maybe 
collectively stored in a datat)ase provided at the base 
station 3 side. As already nrentioned atxTve. in the area 
such as an urtian area where the mobile station 1 is mov- 
ing relatively slow and a number of reception pattis is 
large, there is a high prot>abilrty for an error of the recep- 
tion CIR from the target CIR to be small, whereas in ttie 
area such as a suburb area where the mobile station 1 
is moving relatively fast and a number of reception paths 
is small, there is a high probability for an error of the 
reception CIR from the target CIR to t>e large. That is, 
the reception CIR distritxition characteristic changes 
according to the motion characteristic of ttie vnobWe sta- 
tion 1. 

Then, according to the obtained leaming result the 
target CIR is set such that a prot)abilrty for the reception 
CIR to be less than the rec^ired CIR t>eoomes less than 
or equal to 1% for example, similarly as in the first man- 
ner described above. In ttiis manner, it is also possible 
in this frftti manner to realize the reduction of ttie trans- 
mission power arxl the increase of the subscriber capac- 
ity similariy as in the first manner described above. 

This frftti manner for setting the target CIR differentfy 
for each mot^ile station 1 cannot account for the differ- 
ence of the tiase stations, but it is quite effective in a case 
of determining ttie initial value of the target CIR. 

Also, this frftti manner by itself is less effective in ttie 
reduction of ttie transmission power and the increase of 
the subscriber capacity corrpared with a case of chang- 
ing the target CIR for each radio channel as in the first 
to third manners descrbed atxive. but instead, ttiis f iftti 
manner requires less control load. 

It is to be noted that in ttiis case, the mobile station 
configuration of Fig. 7 may be simplified to ttiat shown in 
Rg. 20 in which the BER measurement units 53, the 
reception patti nurTt>er arxi fading pitch measurement 
uruts 54. arvJ the reception CIR distrbution measure- 
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the measurment means to be greater than or equal 
to a required value. 

3. The method of daim 1, wherein said either one of 
5 the base station and the mobDe station has meas- 
urement means for measuring a cfistrbution of the 
reception CIR for each radio channel periodicaDy, 
and the char^ging step changes the target CIR 
according to the distribution of the reception CIR 

10 measured the measurement means. 

4. The mettKxJ of daim 3. wherein the changing step 
changes the targ^ CIR such that a probability for 
the reception CIR to be lower than a required CIR 

IS becomes less than or equal to a preserved value in 
thedistribution of the reception CIR measured by the 
measurement means. 

5. The method of daim 1 . wherein said either one of 
20 the base station and the mobile station has meas- 
urement means for measuring a BER (Bit Error 
Rate) for each radio channel periocfically. and the 
changing step dianges the target CIR according to 
the BER measured by the measurement means. 

6. The method of daim 5. wherein the changing step 
increases the target CIR when the BER measured 
by the measurement means is less tfian a required 
BER, arxi decreases the target CIR when the BER 

30 measured t>y the measurement means is greater 
than the required BER. 

7. The method of daim 1. wherein said either one of 
the base station arxj the mobWe station has meas- 

3S urement means for measuring a nurTt>er of recep- 
tion paths and a facfing pitch for each radio channel 
periocfically, and the changing step changes the tar- 
get CIR according to the number of reception paths 
and the fading pitch measured t>y the measurement 

40 means. 

8. The method of daim 7, wherein the changing step 
estimates a distrflxition of the reception CI R from the 
nurTt>er of reception patfis and the fading pitch 

45 measured by the measurement means, and 
changes the target CIR such that a probability for 
the reception CIR to be lower than a required CIR 
becomes less ttmn or equal to a prescribed value in 
the estimated distribution of the reception CIR. 

50 

9. The method of daim 1 , wherein the target CIR and 
the reception CIR are given in terms of a target level 
and a reception level. 



ment unit 55 are omitted, so that an amount of controls 
required in the mobile station 1 can also be reduced. 

As desabed, in ttie transmission power control 
scheme for a mobfle communication system according 
to the present invention, it is possible to prevent each 
radio channel to have an excessive quality as the target 
CI R is set and changed differently for each mobWe station 
and each base station, so that it is possible to reduce the 
transmission power. In addition, as an amount of inter- 
ference can t>e reduced as a whole, so that the sut>- 
scrS}er capacity can t>e irKreased easily in a case of 
using the CDMA scheme. Moreover, fbe target CI R is set 
and dianged automaticaOy at each mMe station and 
each base station according to the measurements 
results for the BER, etc., so that the system designing 
can be simplified significantly. 

It is to be noted that the reception CIR used in the 
above description can be a quantity representing the 
reception level in general, while the reception CIR distri- 
bution, ttie BER, etc. used in the above description can 
be a quantity representing the channel quality in general. 
Here, however, in a case of using the reception level, the 
measurement becomes easier, but ttie communication 
quality is going to vary according to an amount of inter- 
ference power, so tfiat there is a need to set a larger mar- 
gin for the target level ttian a case of using the reception 
CIR. 

It is also to be noted tiiat. t>esides those already 
mentioned atxve, many modifications and variations of 
the atxive enixxjiment may be made without departing 
from the novel and advantageous features of ttie present 
Invention. Accordingly, all such modifications and varia- 
tions are intended to be included within tiie scope of the 
appended daims. 

aalms 

1 . A method of transmission power control in a nrK>bile 
communicatbn system induding a mobile station 
and a t>ase station, the method conprising the steps 
of: 

controlling a transmission power of each 
radio channel at one of the base station and the 
mobile station so as to make a difference between 
a reception CIR (Carrier to Interference Ratio) and 
a target CIR of each radio channel at another one of 
the base station and the mobDe station smaller; and 

changing the target CIR for each radio dian- 
nel at said another one of the base station and the 
mobile station, according to a channel quality of 
each radio channel at either one of the base station 
and the mobile station. 

2. The mettiod of daim 1, wherein said either one of 
the base statbn and the motoiie station has meas- 
urement means for measuring the channel quality 
for each radio channel, and the cfianging step 
changes the target CIR to a minimum necessary 
value for making ttie channel quality measured t>y 



55 10. A method of transmission power cont'olln a mobile 
communication system induding a mobile station 
and a base station, the mettiod comprising the steps 
of: 

controlGng a transmission pcwer of each 
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radio channel at one of the base station and the 
mobile station so as to make a difference between 
a reception CIR (Carrier to Interference Ratio) and 
a target CIR of each radio channel at another one of 
the base station and the mobile station smaller; and 
setting the target CIR for all radio channels at 
said another one of the base station and the mobile 
station independently, according to a channel quality 
of each radio channel at either one of the base sta- 
tion and the mobile station. 

11 . The method of claim 10. wher&'n said either one of 
the base station arxi the mobile station has meas- 
urement means for measuring the channel quality 
for each radio channel, said another one of the base 
station and the mobile station has learning means 
for learning an average cfiannel quality cfiaracteris- 
tic for said another one of the t>ase station and the 
mobile station from the channel quality measured by 
the measurement means, and the setting step sets 
the target CIR according to the average channel 
quality characteristic learned k>y the teaming means. 

12. The method of claim 10, wherein said either one of 
the base station and the motile station has meas- 
urement means for measuring a distrbution of the 
reception CIR for each radio channel, said anotfier 
one of the base station and the mobile station has 
learning means for learning an average reception 
CIR distribution for said another one of the base sta- 
tion and the mobile station from the cBstribution 
measured tyy the measurement means, and the set- 
ting step sets the target CIR accorcfing to the aver- 
age reception CIR distribution learned by the 
learning means. 

13. The method of daim 12. wherein the setting step 
sets the target CIR such that a probat>ility for the 
reception CIR to be lower than a required CIR 
becomes less than or equal to a preserved value in 
the average reception CIR distribution leamed by 
the learning means. 

14. The method of daim 10, wherein said either one of 
the base station and the mobile station has meas- 
urement means for measuring a BER (Bit Error 
Rate) for each racfio channel, said another one of 
the base station and the mobile station has learning 
means for learning an average BER for said another 
one of the base station and the mobile station from 
ihe BER measured by the measurement means, 
and the setting step sets the target CIR according to 
the average BER leamed by the learning means. 

15. The method of daim 14, wherein the setting step 
increases the target CIR when the average BER 
learned by the learning means is less than a 
required BER. and decreases the target CIR when 



the average BER learned by the learning means is 
g-eater tlian the requred BER. 

16. The method of daim 10, wherein said either one of 
5 ifie l>ase station arvJ tfie mcMe stErtion has meas- 
urement means for measuring a number of recep- 
tion paths and a fading pitch for each radio channel, 
said another one of the base station and the mot)ile 
station has leaming means for learning an average 

10 rumber of reception paths and an average facfing 
pitch for said another one of the base station and the 
mobile station from ttie nuiTt>er of reception pattis 
and the fading pitch measured by the measurement 
means. arxJ the setting step sets the target CIR 

IS according to the average numt>er off reception paths 
and the average fading pitch learned by the leaming 
means. 

17. The method of daim 16. wherein the setting step 
20 estimates an average reception CIR distribution 

from the average number of reception paths arvi the 
average fading pitch leamed by the learning means, 
and sets the target CIR such that a probability for 
ttie reception CIR to l>e lower than a required CIR 
25 becomes less than or equal to a prescribed value in 
the estimated average reception CIR distrflxition. 

18. The mettiod of daim 10, wherein said anottier one 
of the base station and the mobile station is a base 

30 station having predicting means for predicting a 
reception CIR distrftxition for said base station from 
data on buildings in an area covered by said base 
station, and the setting step s^ the target CIR such 
tiiat a prot>ability for the reception CIR to be lower 

35 than a required CIR t>ecomes less than or equal to 
a prescribed value in the reception CIR distribution 
predicted by the predicting means. 

19. The mettiod of daim 10. wherein the target CIR and 
40 the reception CIR are given in terms of a target level 

and a reception level. 

20. A base station communicating with a mot)ile station 
in a mot3ile communication system, comprising: 

45 means lor controlling a transmission power of 

each radio channel at the mobile station so as to 
make a dfference between a reception CIR (Canier 
to Interference Ratio) and a target CIR of each radio 
channel at the t>ase station smaller; ajnd 

50 means for changing the target CIR for each 

radio channel, according to a channel quality of each 
radio channel at eittier one of the base station and 
the nrK)bile station. 

55 21. A mot>ile Station communicating with a base Station 
in a nK)bile communication system, comprising: 

means for controlling a transmission power of 
each radio channel at the base station so as to make 
a ctifference between a reception CIR (Carrier to 



10 



19 EP0709973A1 

Interference Ratio) and a target CIR of each radio 
channel at the nnobile station snnaDer; and 

means for changing the target CIR for each 
radio channel, according to a channel quality of each 
radio channel at either one of the base station and 5 
the mobile station. 

22. A base station in communication with a mobile sta- 
tion in a mot)ile communication system, comprising: 

meansforcontrollingatransmissionpowerof 10 
each radio channel at the mobile station so as to 
make a difference between a reception CIR (Carrier 
to Interference Ratio) and a target CIR of each radio 
channel at the base station smaller; and 

setting the target CIR for all radio channels at is 
the base station independently, aocorcfing to a chan- 
nel quality of each radio channel at either one of the 
base station and the mobile station. 

23. A mobile station in communication with a base sta- 20 
tion in a mobile communication system, ooirprising: 

means for controlling a transmission power of 
each racfio channel at the base station so as to make 
a difference between a receptfon CIR (Carrier to 
lnteffererx;e Ratio) and a target CIR of each racfio 2s 
channel at the mobile station smaller; and 

setting the target CI R for all radio channels at 
the motile station independentiy, according to a 
channel quality of each rado channel at either one 
of the base station and the mobile station. 30 
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